Background: Serum C-reactive protein (CRP) and leptin levels have been independently associated with the cardiovascular risk factors. The aim of the present study was to determine if their serum levels were associated with cardiovascular risk factors or metabolic syndrome as well as their correlation in the Taiwanese population. Methods: This retrospective study included 999 subjects (> 18 y), who underwent a physical examination in Chang-Gung Memorial Hospital-Linkou and Chiayi in Taiwan. The associations between CRP and/or leptin levels and cardiovascular risk factors and metabolic syndrome were determined using independent two sample t-tests to detect gender differences and chi-square tests to evaluate differences in frequencies. To compare the means of the variables measured among the four groups (high and low leptin and high and low CRP), analysis of variance (ANOVA) was used.
Background
Because a combination of several cardiovascular and diabetes risk factors comprise metabolic syndrome, it has been postulated that factors involved in both diseases may interact. Two such factors include leptin and C-reactive protein (CRP), and both are associated with indices of obesity and cardiovascular disease.
CRP is an inflammatory marker of cardiovascular disease [1] ; elevated levels are associated with increased risk of future coronary heart disease [2] [3] [4] . Obesity is one of the strongest determinants of CRP levels [5] . Furthermore, CRP has been related to metabolic syndrome in several studies [2, 6] , and its production is influenced by leptin [7] .
Leptin is expressed by adipose tissue [8] , regulating appetite and energy expenditure as well as insulin homeostasis [9] . Leptin levels predict metabolic syndrome development independent of obesity [10] . In men [11] and patients with type 2 diabetes [12] , leptin levels were associated with cardiovascular disease. This association may be through inflammatory mechanisms since leptin and CRP levels have been correlated in a variety of patient populations [13] [14] [15] [16] [17] .
In addition to cardiovascular disease, CRP and leptin levels are predictive of metabolic syndrome development. In middle-aged subjects, high leptin in men and high CRP in women were significant predictors of metabolic syndrome; those with elevations in both markers had the highest risk of developing metabolic syndrome [18] . However, the effects of CRP and leptin levels in a Taiwanese population have yet to be determined.
The objective of the present study was to determine if CRP and leptin levels are associated with cardiovascular disease risk factors as well as metabolic syndrome score in healthy Taiwanese adults. In addition, the possible correlation between CRP and leptin levels was also explored in this population. CRP and leptin may represent useful biomarkers for predicting the onset of cardiovascular disease or metabolic syndrome in Taiwanese adults.
Methods

Study population
In 2010, 1025 subjects (> 18 y), who had undergone a routine physical examination in Chang-Gung Memorial Hospital-Linkou (North Taiwan) and Chiayi (South Taiwan), were selected to participate in this retrospective study. Participants were included if they had undergone a physical exam in which the following parameters were assessed: weight, height, blood pressure, waist circumference, total cholesterol, triglyceride, fasting glucose, high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), CRP, and leptin. Patients were exclude if they had not fasted for 12 h, were pregnant, or had a history of cardiovascular disease (e.g., myocardial infarction or stroke),chronic inflammatory disease (e.g., chronic rheumatoid arthritis, hepatitis, and cancer), or endocrine disease (e.g., hyperthyroidism or hypothyroidism). The study was approved by the Institute Reviewing Board of Chang Gung Memorial Hospital. As shown in Table 1 , after 26 participants were excluded, a total of 999 participants were analyzed, including 720 males (35.79 ± 7.94 y) and 279 females (38.60 ± 12.80 y).
Participants were interviewed by trained nurses. Information regarding demographic (e.g., age, gender, etc.) and life style characteristics (e.g., history of smoking, drinking, etc.), history of illness and medication use, and physiological status (e.g., pregnancy, fasting time, etc.) was collected (Table 1 ).
Blood pressure, BMI, and waist circumference measurements
Systolic and diastolic blood pressures were measured with a random zero sphygmomanometer while patients were in sitting position after a 5-min period of rest, according to the American Heart Association and Seventh Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure recommendations [19] , and the average of up to three independent measurements was used.
To determine body mass index (BMI), the height and weight of each patient were measured using an automatic scale. BMI was calculated as weight (kg) divided by the height squared (m 2 ).
Waist circumference was determined with the patient standing with their feet 25 to 30 cm apart. It was measured midway between the iliac crest and the lower margin of the 12th rib.
Laboratory measurements
After a 12-h fast, venous blood samples were obtained between 5:30 to 11:00 a.m. and stored at 4°C. Total cholesterol, HDL-C, triglyceride (TG), fasting blood glucose (FBG), LDL-C, and leptin levels were determined for each participant. CRP was determined using a high sensitivity CRP assay.
Cardiometabolic risk factor variables
Individuals were considered hypertensive if they were taking antihypertensive medications, self-reported a diagnosis of hypertension, if their systolic pressure was > 140 mmHg or diastolic pressure was > 90 mmHg, or if a combination of these features was recorded [20] .
Participants were considered to have diabetes if they reported a current usage of antidiabetic medications, reported a previous diagnosis of diabetes, or had a FBG > 126 mg/dL [21] .
A patient was considered to have dyslipidemia if they had the following: plasma TC ≥ 240 mg/dL and/or use of medications to lower blood cholesterol, TG ≥ 200 mg/dL, HDL-C < 40 mg/dL, and LDL-C ≥ 160 mg/dL and/or use of medications to lower LDL-C [22] .
Regarding tobacco and alcohol use, those who had smoked ≥ 100 cigarettes in their lifetime were considered to have "ever smoked". Alcohol use was defined as any alcohol use within the last year.
Leptin concentrations >4.99 ng/mL in men and >5.51 ng/mL in women were defined as "high". CRP values >3 μg/mL in both men and women were defined as "high".
Definition of metabolic syndrome
A participant was diagnosed with metabolic syndrome if they presented with at least three of the following five factors: 1) high blood pressure (systolic blood pressure ≥ 130 mmHg and/or diastolic pressure ≥ 85 mmHg, under treatment, or current hypertension diagnosis); 2) high serum triglyceride (≥ 150 mg/dL or under treatment); 3) decreased HDL-C (< 40 mg/dL for males and < 50 mg/dL for females or under treatment); 4) hyperglycemia (FBG ≥ 100 mg/dL, under treatment, or diagnosis with diabetes mellitus); and 5) abdominal obesity [23] . Modified waist circumference cutoffs for Asian populations were used, which consisted of a waist circumference ≥ 90 cm for men and ≥ 80 cm for women [24] .
Statistical analysis
To compare the variables by gender or presence, independent two sample t-tests were used. For evaluating differences in frequencies, the chi-square test was used. Because leptin and CRP levels were not normally distributed, Mann-Whitney U tests were used.
To compare the means of the variables among the four groups (high and low leptin and high and low CRP), analysis of variance (ANOVA) was used. If the data was not normally distributed, a Kruskal-Wallis test was performed. When a significant difference between groups was apparent, multiple comparisons were performed using the Bonferroni procedure with type-I error adjustment. The correlation between leptin and CRP was determined using Spearman's correlation coefficient. The partial correlations between metabolic syndrome components and CRP and leptin were calculated while controlling for age, or age and BMI. All statistical assessments were two-sided and considered significant when P < 0.05. Statistical analyses were performed using SPSS 15.0 statistical software (SPSS Inc, Chicago, IL).
Results
Participant characteristics
As shown in Table 1 , the characteristics of the study subjects were compared by gender, and significant differences were observed. Specifically, women were significantly older and had a significantly lower BMI and systolic and diastolic blood pressures as compared to men (P ≤ 0.001). In addition, the prevalence of metabolic syndrome was significantly lower in male participants (8.5 vs. 21.1%, P < 0.001). No gender differences in leptin or CRP levels were observed.
Associations between leptin and CRP levels with cardiovascular risk factors
Serum leptin levels were evaluated to determine if they were associated with cardiovascular risk factors in Taiwanese adults as previously reported in men [11] and those with type 2 diabetes [12] . In both men and women, diabetes, hypercholesterolemia and metabolic syndrome were significantly associated with elevated leptin levels ( Table 2 ). In addition, gender differences were observed; men who were ever tobacco users, as well as those with hypertriglyceridemia and high LDL-C had significantly higher leptin levels. No such associations were detected in women.
In both genders, those with diabetes, hypercholesterolemia, hypertriglyceridemia, low HDL-C, and metabolic syndrome all had significantly higher CRP levels (Table 3 ). High LDL-C was associated with high CRP levels in men only. In addition, a significantly positive correlation between leptin and CRP levels was observed in both genders (P < 0.001, Figure 1 ).
As shown in Table 4 , male participants with high concentrations of both leptin and CRP had a significantly greater waist circumference, metabolic syndrome incidence, FBG, and triglyceride levels and lower HDL-C than individuals with low concentrations of both leptin and CRP (P < 0.017). Moreover, female participants with high concentrations of both leptin and CRP had significantly greater waist circumference, FBG, triglyceride and LDL-C levels than individuals with low leptin and CRP concentrations (P < 0.017, Table 4 ).
Associations between leptin and CRP levels with metabolic syndrome
The associations between leptin and CRP levels with metabolic syndrome score, which is determined as the number of metabolic syndrome components described by the ATP III criteria [23] , was next determined. Leptin concentrations varied in relation to the metabolic syndrome score in both genders (Figure 2 ). After adjusting for age, leptin levels significantly increased with increasing metabolic syndrome score in both male and female subjects (Figure 2 , left panels; P < 0.05). Upon additional adjustment for BMI, the association between elevated leptin levels with metabolic syndrome score remained in both male (P < 0.001) and female (P = 0.002) subjects (Figure 2 , right panels). Similar associations were observed for CRP levels (Figure 3 ). After adjusting for age, CRP levels increased with increasing metabolic syndrome score in both male and female subjects (P < 0.001). Upon additional adjustment for BMI, the association of CRP with metabolic syndrome score remained significant in both male and female subjects (P < 0.001).
Discussion
This is the first study to explore the possible association and interaction between leptin and CRP levels with risk factors for cardiovascular disease and metabolic syndrome in a Taiwanese population. Both leptin and CRP levels were associated with cardiovascular risk factors as well as metabolic syndrome score in both men and women as in Xu et al. [25] although gender-specific differences were observed. Specifically, significant correlations were observed between both leptin and CRP levels with diabetes, hypercholesterolemia, and metabolic syndrome; however, gender differences were identified regarding the association between these markers and the presence of individual cardiovascular disease risk factors. Furthermore, individuals with both high leptin and high CRP levels had significantly greater waist circumference, glucose levels, triglyceride levels as compared to those with low leptin and low CRP levels. Elevated leptin and low CRP levels were associated with metabolic syndrome in both men and women. Finally, a positive correlation between leptin and CRP levels was observed as compared to previous reports [17, 18] . In a previous report, we observed that leptin levels were associated with cardiovascular disease risk factors [26] . In this study, further associations between leptin and CRP levels and metabolic syndrome score were detected in both male and female participants. This is different from a previous report by Ukkola et al. in which metabolic syndrome scores were associated with high leptin and high CRP in men and with high CRP only in women after stratification by BMI in a Finish population [18] . Thus, there may be population-specific differences in the correlation between BMI and leptin level, which will require further studies to elucidate.
The association between leptin and metabolic syndrome is not fully understood. Leptin receptors are found on pancreatic β cells, suppressing insulin secretion [27] . In leptin resistance, glucose-stimulated insulin secretion is not suppressed by leptin, which may lead to insulin resistance [28] . Further studies are required to determine the exact role of leptin in metabolic syndrome.
As previously reported in a Finnish population [17] as well as Japanese type 2 diabetic patients [13] and healthy individuals [29] , an association between leptin and CRP was observed in the Taiwanese cohort analyzed in the present study. The mechanisms linking leptin with CRP are not well known. Among the proinflammatory cytokines, CRP synthesis is primarily regulated by interleukin-6 (IL-6) [30] . Proinflammatory cytokines, which include IL-6, IL-1 and tumor necrosis factor-alpha (TNF-α) are secreted not only by adipocytes but also by inflammatory cells, such as adipose-resident macrophages [31] [32] [33] . These cytokines may stimulate leptin secretion from human adipose tissue as well as hepatic CRP synthesis [34, 35] . However, leptin itself can stimulate the production of various cytokines, including IL-6 [36] . Thus, IL-6 and leptin may positively regulate the other's expression through a feedback loop. Because the leptin receptor mediates intracellular signaling with a specificity similar to IL-6-type receptors [37] , leptin may regulate CRP production not only via IL-6 but also via the leptin receptor. In addition, Chen et al. [38] demonstrated that physiological concentrations of leptin can dose-dependently stimulate CRP expression in human primary hepatocytes. An alternative explanation is that obesity upregulates the production of both leptin and a cytokine regulating CRP synthesis without a causal relationship between leptin and CRP. However, further studies are necessary to determine the exact intracellular mechanisms by which leptin regulates CRP production. Furthermore, a role for CRP in the development of leptin resistance has also been suggested, but needs to be further analyzed [39, 40] .
In the present study, leptin and CRP levels were associated with metabolic syndrome score, indicating that high levels of these markers may be predictive of developing metabolic syndrome similarly to that shown for high baseline fasting insulin levels [41] . Further followup analysis will be undertaken to fully evaluate the predictive value of these markers using a prediction model as was used by Chien et al. [42] .
Differences in cardiovascular risk have been observed in obese individuals with and without adipose tissue inflammation. In a recent study by Farb et al. [43] , higher plasma insulin, triglyceride, glucose, blood pressure, LDL-C and high sensitivity CRP and lower HDL-C were observed in individuals with inflamed adipose. Further studies are necessary to determine if adipose inflammation alters the association of CRP and leptin with metabolic syndrome in obese individuals.
Limitations of this study include its retrospective, cross-sectional nature. In addition, the data used in the present study was collected during a routine physical examine. Because examination of CRP and leptin levels was by choice, this may select for individuals concerned about weight and/or metabolic problems. Furthermore, no information regarding exercise and diet as well as hereditary disease was collected.
Conclusions
In conclusion, this study suggests that leptin and CRP are strong predictors of not only cardiovascular disease but also metabolic syndrome in Taiwanese men and women. The associations between leptin and CRP with cardiovascular disease risk factors and metabolic syndrome score may provide a tool for assessing the risk of developing these diseases although further longitudinal studies in larger patient populations are necessary to determine the predictive value of examining their levels.
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